Semen analysis was performed by employing a comptuter-assisted semen analysis (CASA) system (SM-CMA), in comparison with visual estimation by microscope. There was a significant relationship between the values obtained by both methods, but a large range of differences in individual values was observed. Results of semen analysis in 407 men complaining of reduced fertility were investigated for their relationship to fertility outcome. The parameters obtained by the CASA system were analysed in relation to time to conception, applying the Cox proportional hazards model of regression. In univariate regression analysis, all examined CASA parameters were shown to have a significant effect on cumulative hazard function. However, applying a multivariate step forward approach, only percentage of motile spermatozoa and log-transformed values of sperm count remained significant predictors of later fertility due to the close intercorrelations among the examined covariates. We concluded that the determination of elaborate motility characteristics as obtained by CASA sytems is of limited value to optimizing the evaluation of male fertility status.
Introduction
Computer assisted semen analysis (CASA) is widely accepted as providing rapid and objective measurements of individual 'classical' sperm parameters, such as sperm count and sperm movement characteristics. CASA systems also allow the estimation of additional parameters such as sperm motility, types and sperm velocity, which cannot be obtained by microscopic observation. However, objections have been raised against this technique by Davis and Katz (1992) , who place particular emphasis on several technical problems associated with CASA, including the dependence of velocity on video frame rate, inaccuracy of count and percentage of motile sperm for low and high concentration specimens, parameter dependence on the number of frames analysed and sensitivity of the subjective threshold setting.
System used
Since 1990 we have used a CASA system in our laboratories, the commercially 'SM-motion analyser' (Stroemberg-Mika, Rosenheim, Germany), to assess the semen parameters of cell number and motility. After semen was obtained by masturbation in our laboratory, analysis was performed immediately after liquefaction using a Makler chamber without dilution of semen. The observation table of the microscope was continuously warmed to 37°C. The technical details of the CASA system were described by Gehring et al. (1990) . It is able to assess a variety of semen parameters in accordance with the recommendations of the World Health Organization (WHO) laboratory manual (1987), i.e. sperm count per ml, total count, total motility and percentage of linear motile, nonlinear, non-progressively motile and immotile sperm (types a-d, according to WHO motility), as well as the curvilinear (VSL), straightline (VSL) and average path velocity (VAP) of spermatozoa.
The following parameter settings and thresholds were used: number of frames 32; minimum area of sperm head 25 pixels, maximum area 300 pixels; objects bright; immotile cell: VCL <5 (im/s; nonprogressive motile cell: VCL <10 (im/s; tail bright; Krause and Schonharl, 1992) tail-detection 5 pixels, tail-size 15 pixels. The correct identification of cells as spermatozoa is improved by the 'tail detection'. After having finished a measurement, the system examines all objects for a tail and excludes those without a taillike structure. This step improves the precision of the determination of cell count significantly (Neuwinger et at, 1990) .
Comparing computer-assisted semen analysis and microscopical parameters One important issue is the comparison of seminal parameters obtained by CASA and those from the same sample as obtained by visual observation of the microscopical specimen. When comparing the results of the motility analysis done with this CASA system and those assessed by microscopic examinations, we observed that the linear correlation between the values of sperm counts obtained with the two methods was quite good (Figure 1 ). There was also a close relationship between the values of total number of motile cells assessed by both procedures. The relationship between values of the number of linear progressive spermatozoa and those being non-progressively motile as estimated by both techniques was low.
Computer-assisted semen analysis and fertility prognosis One might suggest that fertility prognosis in patients with impaired fertility could be improved by the employment of CASA systems. This has to be proved by adequate statistical evaluation. Up to now there have been some encouraging attempts to apply the Cox proportional hazards regression model to fertility prognosis in men with restricted fertility (Polansky and Lamb, 1988; Jouannet et al., 1988 , Bostofte et a/..,1990 Holland-Moritz and Krause, 1992; Irvine et al., 1994 ). An advantage of this model is that it incorporates the cases in which pregnancy has not yet been observed (censored cases) into the analysis. Moreover, a variety of independent covariates can be controlled without defining the time dependent course of the basic hazard function, as is necessary in parametric regression models (whereby the term 'hazard' in models predicting fertility actually means the chance of conception). The non-parametric proportional hazards model 'involves an unspecific function in the form of an arbitrary base-line hazard function' (Kalbfleisch and Prentice, 1980) . In this way it is possible to avoid to erroneously stating time dependent influences where uncontrolled heterogenity or confounding effects are indeed responsible.
Materials and methods

Patients
A total of 407 patients complaining of reduced fertility attended our andrological out-patients department during the year 1991 after they had failed to father a child for at least 12 months. In 127 patients more than one semen sample could be analysed, but only the results of the first semen analysis of each individual male was considered.
The follow-up data were obtained by a short questionnaire sent to the woman's gynaecologist. It contained questions about the date of conception and duration of pregnancy and its outcome. In addition, information about possible female factors of infertility at the time of conception were obtained. The questionnaire contained questions for disorders of the cervix, irregularity of menstrual cycle and for anamnestical evidence or laparocopic evaluation of a tubal dysfunction.
Basic sample characteristics
It was possible to obtain valid results of semen analysis in a total of 407 patients (Table I) . Azoospermia was observed in 17 men and they were excluded from further analysis. The gynaecological questionnaire was sent back in 334 cases. In 255 cases valid information about fertility outcome could be obtained. In the case of 79 males, information on the woman's current fertility status was not available, because the partner had changed her gynaecologist. A total of 56 women were reported to be suffering from tubal defect. Since calculation of Cox regression with 'tubal defect' as a covariate revealed a significant influence on the hazard rate (P = 0.023), these couples had to be excluded. Irregularity of the menstrual cycle was observed in 62 cases. This was found not to be significantly associated with the hazard rate (P = 0.47) and so these couples remained in the analysis.
During follow-up period, 91 'natural' pregnancies were observed; 143 couples still had not managed to conceive in the natural way. The cases, in which successful homologous (n = 14) and successful donor inseminations (n = 2) were reported, had to be excluded. In three cases IVF led to pregnancy. Two couples were reported to have adopted a child; they were removed as well.
The mean age of the 234 remaining patients was 33.9 years (range 21-59), that of the woman 30.8 years (range 18-45). The average duration of infertility reported by the patients when first seen in our clinic was 36 months, ranging from 12-180 months. The time period from first semen analysis to follow-up investigation ranged from 7-18 months.
The time variable used in Cox regression was the sum of reported time of infertility prior to the investigation plus the period following semen analysis to follow-up investigation when gynaecological information was available (n = 255). The cases in which no current gynaecological data could be obtained (n = 79) were treated as censored observations, the time variable being the sum of reported time of infertility plus the interval between semen analysis and the last visit to the gynaecologist. Cox regression models were calculated using the 'Statistical package for the Social Sciences (SPSS) for Windows, Release 5.01 (Oct. 1992).
Results
From Table II it is clear that a prognostic effect of the covariates sperm count, percentage of motile spermatozoa, percentage of progressively and linear motile spermatozoa as well as YAP and motility after 24 h is indicated. It is further apparent that entering log-transformed values of sperm count, percentage of non-linear motile and morphologically abnormal sperm, average path velocity (VAP) and motility 24 h after ejaculation should lead to better results in regression statistics.
In performing the Cox regression model, a stepforward approach was applied: each prognostic factor was first examined separately, afterwards the factor appearing to be most strongly associated with time to conception was selected. In the next run the remaining covariates were added in turn to the first covariate, and the one that best improved the predictive power (estimated from the increase in the log likelihood) was selected. After another covariate had been added to the model, the already selected variables were re-analysed for removal. This procedure was continued until no prognostic factor remained to be incorporated into the analysis as a significant covariate.
When in the second run of forward selection, percentage of motile spermatozoa was selected, the log-transformed values of sperm concentration turns out to be a significant covariate factor in Cox regression analysis. This does not appear when untransformed values are used.
Thus, from the coefficients resulting from the final model (Table III) When the values of these two variables and the baseline hazard are known, the probability of pregnancy for every individual patient or subgroups of patients can be estimated over time. An example is given in Figure 2 .
Discussion
There was a close relationship between values of certain semen samples when estimated with visual observation or by CASA. However, linear correlation is not the only method to depict the results. Bland and Altman (1986) proposed the comparison of two methods of clinical measurements by calculating the mean difference and the range of the differences between the values measured. By this calculation the values are arranged as a dotplot along a horizontal line, but not along an oblique regression line. Thus one is more aware of the range of differences. However in the regression plot, it is easy to observe when the sperm concentration was counted for instance as 20 by microscope, the values obtained by the CASA system varied between 20 in one sample and 50 in other (Figure 1) .
The relationship between motility values obtained by the two techniques was also good, but the correlation between motility types was low. Since the allocation of cells to different motility types depends on their velocity, the low correlation indicates that the estimation of velocity by the human eye is very imprecise. MacLeod et al. (1994) evaluated the results of 1435 semen samples, in which the parameters were determined by another CASA system, the HTM-S 2030, in comparison with classical microscopical analysis. They also obtained a close correlation in the measurement of sperm concentration between both methods (r = 0.85). But when they used the approach of Bland and Altman (1986) , they quoted a poor agreement between the two techniques. The mean difference between the methods was small (-9.7xlO 6 /ml), but the range of differences was wide, the range of 2 SD of difference was 75 X10 6 / ml. It remained large at all levels of sperm concentration. Apparently, the large differences between values obtained by the two methods are not only due to the counting technique per se. Most investigations, and also that of MacLeod et al. (1994) used two different chambers for the CASA system and the microscopic evaluation, i.e. they did not really compare identical samples taken from the total semen volume. The results are thus influenced by differences and inaccuracies of the counting chamber. Furthermore, the dilution of the semen sample may be imprecise. In this context, for the partition of semen the use of a positive displacement pipette is urgently recommended. This also concerns the Makler chamber, although it works with undiluted semen. However, it has to be filled with a pipette, and the volume of which may in itself be critical.
These drawbacks do not, however, apply to the estimation of motility, because its values do not depend on the chamber volume. The correlation between the two methods was good, but not as close as in the case of sperm count either in our study or in the more extended results of the study of MacLeod et al. (1994) . Again, the authors found the range of differences to be very large. This may, however, besides several other reasons as discussed above, be due to the fact that manual estimation of motility is a highly subjective method. In summary therefore, a pragmatic comparison of the conventional criteria of semen quality evaluated by conventional laboratory techniques, and by a computer assisted image analysis system has demonstrated that these two methods do not provide directly comparable data, and one cannot be used to the replace the other. However, this observation does not address the important issue of the relative clinical utility of the two approaches, because of the lack of a 'gold standard' (MacLeod et al, 1994) .
The value of motility determination in predicting male fertility was evaluated by several studies of conception rates following natural sexual intercourse (Bostofte et al, 1990 (Bostofte et al, , 1993 Culasso et al. 1991; Barratt et al, 1993; Boyle et al, 1992) , of the success of intrauterine insemination procedures (Brasch et al, 1994) , and of the success of IVF or related procedures (Grunert et al, 1989; Liu et al, 1991; Nelson et al, 1993) . In general, significant influences of sperm motility on the conception rates have been described in the abovementioned literature. The results of Cox regression analysis in our study using step forward analysis showed that there are indeed some CASA parameters, which contain significant prognostic information about the time to conception when separately analysed: total count, sperm concentration, percentage motile sperm, percentage immotile sperm, percentage progressive motile spermatozoa and YAP. This observation is in line with the description of Barratt et al. (1993) , who also found sperm velocities to show a highly significant correlation to conception rate in vivo. The log likelihood estimates of the covariates of our study indicated that sperm concentration and percentage of motile sperm were the most powerful factors of analysis. However, when we entered particular parameters of motility as obtained by CASA as multiple covariates into the model and considered the covariation among predictor variables, the significant influence of sperm velocity disappeared and only sperm count and the percentage of motile sperm remained as significant prognostic factors. All other motility parameters give no additional prognostic power due to their close correlation to the percentage of motile sperm, as already anticipated from the intercorrelation analysis (see Table IV ). Because of this close relationship, it may be possible that in the analysis of other datasets VAP will remain as a second variable, as found by Barratt et al. (1993) . Irvine et al. (1994) compared the sperm parameters obtained with the HTM-S with the pregnancy rate in 303 patients, also using Cox regression analysis. When each of the variables was examined independently, also in their study Comptutcr-assisted semen analysis nearly all the motility parameters and cell concentrations were found to be related to the time to pregnancy. When they undertook the forward stepwise regression analysis, only the mean head area (determined by HTM) and the percentage of progressively motile cells were selected as being of significant value. Irvine et al. (1994) concluded from their study that the clinical value of the information obtained from CASA systems may be at least equivalent to that obtained by classical techniques. They state: 'Given the intrinsic advantages of such systems for efficient sample handling and reporting, as well as quality control, a strong case can be made for their introduction into routine practice of laboratory andrology'.
Most studies which applied different statistical methods to test the value of sperm parameters to predict future fertility dealt with male patients of unknown fertility, having more or less pathological sperm parameters. MacLeod and Irvine (1995) were the first who examined the relationship between the achievement of pregnancy and the semen quality variables in a donor insemination programme in 61 cryopreserved ejaculates. The semen samples had to fulfil the following minimal criteria as obtained by classical evaluation: 20X10 6 /ml sperm count, overall motility >40%, normal forms >40%. Although all samples were considered to be normozoospermic, the results in terms of pregnancies were different. This difference in the pregnancy rate could, however, be related to those variables which were obtained using CASA. This study underlined the usefulness of a CASA system to predict pregnancy with a high degree of accuracy.
